Aim: To evaluate the results of combined plaque radiotherapy and transpupillary thermotherapy (TTT) in 50 consecutive patients 5 years after treatment. Methods: 50 adult patients with choroidal melanoma were treated with ruthenium-106 ( 106 Ru) plaque radiotherapy combined with TTT. A flat scar was the preferred end point of treatment. The mean tumour thickness was 3.9 mm (range 1.5-8.0 mm), the mean tumour diameter was 11.3 mm (range 5.8-15.0 mm). TTT was performed with an infrared diode laser at 810 nm, a beam diameter of 2-3 mm, and 1 minute exposures. Tumours .5 mm thick received an episcleral contact dose of 800 Gy 106 Ru; tumours (5 mm thick received a contact dose of 600 Gy 106 Ru. TTT was repeated in case of incomplete tumour regression after combined therapy. Results: Complete tumour regression was obtained in 45 patients. It required one, two, or three TTT sessions in 32, 11, and two patients, respectively. In tumours (3 mm thick complete flattening was achieved significantly faster than in tumours .3 mm thick (log rank test p = 0.01). Eight melanomas were amelanotic, seven of which required multiple TTT sessions. In one patient the tumour recurred at the central margin of the treated area; this eye was enucleated. In one patient the tumour failed to regress 6 months after treatment and enucleation was performed at the patient's request. Three eyes developed severe proliferative retinopathy. Radiation maculopathy caused a loss of the best corrected visual acuity: before treatment 31 patients had a best corrected visual acuity of 20/60 or better but in only 12 patients did it remain in this range 5 years after treatment. Three patients developed distant metastasis to the liver. Conclusion: The 5 year results for combined plaque radiotherapy and TTT as treatment for choroidal melanoma are favourable in terms of complete tumour regression and low rate of recurrences; however, there was considerable loss of visual acuity as a result of radiation maculopathy.
(5 mm thick received a contact dose of 600 Gy 106 Ru. TTT was repeated in case of incomplete tumour regression after combined therapy. Results: Complete tumour regression was obtained in 45 patients. It required one, two, or three TTT sessions in 32, 11, and two patients, respectively. In tumours (3 mm thick complete flattening was achieved significantly faster than in tumours .3 mm thick (log rank test p = 0.01). Eight melanomas were amelanotic, seven of which required multiple TTT sessions. In one patient the tumour recurred at the central margin of the treated area; this eye was enucleated. In one patient the tumour failed to regress 6 months after treatment and enucleation was performed at the patient's request. Three eyes developed severe proliferative retinopathy. Radiation maculopathy caused a loss of the best corrected visual acuity: before treatment 31 patients had a best corrected visual acuity of 20/60 or better but in only 12 patients did it remain in this range 5 years after treatment. Three patients developed distant metastasis to the liver. Conclusion: The 5 year results for combined plaque radiotherapy and TTT as treatment for choroidal melanoma are favourable in terms of complete tumour regression and low rate of recurrences; however, there was considerable loss of visual acuity as a result of radiation maculopathy. E piscleral plaque radiotherapy is often used for the treatment of choroidal melanoma. It is associated with a number of late complications, especially radiation maculopathy, which develops in approximately 50% of eyes, and the visual outcome is poor. 1 In 1995 transpupillary thermotherapy (TTT) was introduced as a new treatment for choroidal melanoma. 2 TTT has a direct cell destructive effect which causes tumour necrosis to a depth up to 3.9 mm. 3 TTT is used as a primary treatment or in combination with plaque radiotherapy. [4] [5] [6] [7] The combination (also called sandwich therapy) has several advantages as the two treatments are complementary: plaque radiotherapy is most effective at the base of the melanoma and TTT at the top. 3 Combined therapy makes it possible to treat patients with tumours thicker than 5 mm, which is generally considered the maximum thickness for ruthenium-106 ( 106 Ru) plaque radiotherapy. 2 6 Combined treatment may also reduce the risk of insufficient treatment of scleral melanoma cells after primary TTT, 8 and may make it possible to use a lower dose of radiation in plaque radiotherapy.
While the short term results of several studies of the effect of TTT with or without plaque radiotherapy for choroidal melanoma have been published, [4] [5] [6] only one study has reported the long term (5 year) results of iodine-125 plaque radiotherapy combined with TTT. 7 Here we present the 5 year results of 106 Ru plaque radiotherapy combined with TTT.
PATIENTS, MATERIALS, AND METHODS
Choroidal melanomas in 50 consecutive patients were treated with 106 Ru plaque radiotherapy and TTT. The mean age at treatment was 59 years (range 35-85 years). The diagnosis of choroidal melanoma was based on the results of ophthalmoscopic, ultrasonographic, and fluorescein angiographic examinations. Eight tumours were amelanotic. The basal tumour dimensions were determined by B-scan and tumour thickness was determined by A-scan and B-scan ultrasonography. At baseline, the mean tumour thickness was 3.9 (range 1.5-8.0) mm; the mean tumour diameter was 11.3 mm (range 5.8-15.0 mm). Follow up examinations were carried out at 3-6 month intervals for at least 5 years; however, five patients died within this period. The outcome was defined as favourable when the choroidal melanoma regressed into a flat scar that remained unchanged.
Macular involvement, defined as a tumour whose margin extended (3 mm from the foveola, was observed in 30 patients. 9 Five tumours extended (0.5 mm from the fovea. Tumour recurrence was defined as tumour growth detected by ophthalmoscopic, fluorescein angiographic, or ultrasonographic examination. 1 In case of tumour recurrence enucleation was performed.
The best corrected visual acuity was assessed according to a standardised protocol using a Snellen chart. In addition to clinical examinations, fundus photography and fluorescein angiography were performed at regular intervals to assess the development of radiation maculopathy. Radiation maculopathy was defined as retinal capillary changes such as nonperfusion, hyperfluorescence, leakage, retinal oedema, microaneurysms, and retinal haemorrhage. 9 TTT induced cataract was defined as the development of a focal non-progressive anterior subcapsular cataract which was not present before TTT and which was noticed, usually in combination with local posterior synechiae, at the first visit after treatment.
All tumours were first treated with 106 Ru plaque radiotherapy using a standard procedure. 10 Under general anaesthesia the tumour was located by funduscopy and diaphanoscopy and its borders were marked with surgical ink. A transparent dummy was placed on the marked sclera for pre-placement of scleral fixation sutures (Mersilene 4-0). Care was taken that all tumour margins were within the field of radiation. Immediately afterwards the dummy was replaced by the active applicator and left in place until the prescribed treatment dose had been delivered. Ten tumours .5 mm thick received 800 Gy 106 Ru, and 40 tumours (5 mm thick received 600 Gy 106 Ru. Four weeks after 106 Ru plaque radiotherapy, TTT was performed using an infrared diode laser attached to a slit lamp. Before TTT the pupil was maximally dilated with 0.25% tropicamide and 5% phenylephrine hydrochloride eye drops. Parabulbar anaesthesia to immobilise the eye and to prevent pain was achieved with 2 ml of 2% prilocaine hydrochloride (Citanest) injected via a Greenbaum cannula. The diameter of the laser beam was generally 3.0 mm. A diameter of 2.0-2.5 mm was used for tumours close to the fovea or optic disc. The power of the laser ranged from 500-1000 mW. The irradiance (W/cm 2 ) on the target area ranged from 6-13 W/ cm 2 . TTT was first applied to the centre of the tumour at a relatively low energy level so that little or no visible effect was seen after a 1 minute exposure. The energy level was then increased stepwise until oedema turned the tumour tissue slightly grey at the end of the 1 minute exposure. Energy levels that could produce early photocoagulation were avoided. The number of applications per treatment session ranged from five to 15, depending on the tumour diameter. There was no standard procedure to determine the number of applications. Applications were slightly confluent at the tumour borders and were placed outside the visible margin of the tumour to reduce the risk of tumour recurrence. As the conversion of radiation into heat is lower in amelanotic than in pigmented tumours, indocyanine green enhanced TTT was performed in the eight amelanotic melanomas in order to increase the uptake of radiation. 4 6 After TTT, 0.1% dexamethasone eye drops were administered twice daily for 2 weeks. In case of incomplete tumour regression 6 months after the initial treatment, TTT was repeated, with complete flattening of the tumour as preferred treatment end point. A third TTT session was performed when tumour regression was incomplete 12 months after the first treatment.
The major outcomes analysed in this study were the rate of complete tumour regression and the rate of radiation maculopathy, using Kaplan-Meier survival estimates. The initial and final best corrected visual acuities after 5 years were plotted.
RESULTS
Kaplan-Meier estimates in tumours .3 mm thick showed complete tumour regression in 11% of patients at 6 months, in 46% at 1 year, in 73% at 2 years, and in 95% at 5 years after treatment. Tumours (3 mm thick were completely flat in 75%, 79%, 87%, and 95% of patients at 6 months, 1, 2, and 5 years, respectively (Fig 1) . The difference in tumour regression between both groups was statistically significant (log rank test p = 0.01). Complete regression of tumours (3 mm thick was achieved after one TTT session in 15 patients, two TTT sessions in six patients, and three TTT sessions in one patient. Complete regression of tumours .3 mm thick was achieved after one, two, or three TTT sessions in 18, seven, and three patients, respectively. Eight melanomas were amelanotic. All but one required multiple TTT sessions: three tumours required two sessions and four tumours required three sessions. Only amelanotic tumours required three TTT sessions. Five eyes were enucleated at 6, 13, 15, 22, and 53 months after treatment (Table 1) . Tumour recurrence was observed in one patient with a pigmented melanoma 53 months after treatment (Table 1 , patient 1). In this patient with a 1.8 mm thick tumour who underwent two TTT sessions, tumour recurred at the central margin of the flat scar after complete regression. The eye was enucleated at the patient's request. Viable epithelioid melanoma cells were found on histopathological examination in the area of the recurrence. In another patient, a pigmented melanoma 4.7 mm thick failed to regress 6 months after treatment. Enucleation was performed at the patient's request (Table 1 , patient 2). The tumour was necrotic on histopathological examination. In three other patients with melanomas (one pigmented and two amelanotic) 3.2, 8.0, and 7.5 mm thick, respectively, severe proliferative vitreoretinopathy developed with tractional retinal detachment after three TTT sessions (Table 1, Apart from tumour recurrence and proliferative vitreoretinopathy, complications of TTT included slight anterior uveitis directly after treatment that responded well to topical steroids. In two patients a focal subcapsular cataract developed after the radiation beam had accidentally touched the iris border during TTT. These localised cataracts did not enlarge during the observation period. Cataract present before treatment did not enlarge after treatment. Retinal haemorrhages and local vascular occlusions in the TTT treated area of the retina were commonly observed. Obstruction of a retinal branch vein and retinal branch artery in the treated area was noticed in 19 and eight eyes, respectively. Kaplan-Meier estimate of the probability of radiation maculopathy was 51% at 5 years (95% CI; Fig 2) . 
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Radiation maculopathy, associated with cystoid macular oedema in three patients and slight retinal traction in two patients, caused a severe loss of visual acuity.
The best corrected initial visual acuity and the best corrected visual acuity 5 years after treatment is shown in a scatter diagram (Fig 3) . It was >20/60 in 31 patients before treatment and remained in this range in 12 patients at the 5 year follow up. The best corrected visual acuity was >20/200 in 35 patients before treatment and remained in this range in 24 patients at the 5 year follow up.
DISCUSSION
The major outcomes analysed in this study were the rate of complete tumour regression and the development of radiation maculopathy after combined 106 Ru plaque radiotherapy and TTT, using Kaplan-Meier estimates. Treatment induced complete tumour regression in 45 of 50 patients. Flattening of the tumour depended on the initial tumour thickness, as was also observed after plaque radiotherapy as sole treatment. 11 The mean time to development of a flat scar was statistically significant faster in tumours (3 mm compared to tumours .3 mm (Fig 1) . The cut off at 3 mm was chosen because the mean tumour thickness reduction 3 months after combined TTT and plaque radiotherapy was 3.0 mm, as reported by Oosterhuis et al. That thicker melanomas continued to flatten during the 5 year follow up may be due to the late effect of plaque radiotherapy, whereby cell damage progresses slowly and continues for several years, whereas TTT induced tumour necrosis and vascular occlusion results in tumour regression within several months. 1 2 4 A second TTT treatment did not increase the rate of complications, but a third TTT session caused a tractional retinal detachment due to proliferative vitreoretinopathy in three of four patients. To reduce the risk of this complication, a third consecutive TTT session is nowadays only performed after a prophylactic argon laser barrier has been applied around the tumour remnant.
Post-treatment visual acuity was better for peripheral tumours than for centrally located tumours, owing to the difference in radiation load of the macula. 12 14 With regard to post-treatment visual acuity, TTT alone seems considerably less harmful than plaque radiotherapy, which induces maculopathy.
An important advantage of combined treatment in our study was the low rate of recurrence compared to that with primary 106 Ru plaque radiotherapy or primary TTT. In general, melanomas shrink after eye salvaging radiotherapy but do not disappear completely. Viable melanoma cells in a tumour residue that survived treatment are a source of tumour recurrence. Pe'er et al found melanoma cells with a low proliferating activity in the tumour residue of nonrecurrent melanomas of eyes that were enucleated after 106 Ru plaque radiotherapy because of ocular complications. These tumour cells may give rise to later tumour regrowth and/or metastatic spread and contribute to local tumour recurrences after 106 Ru plaque treatment. Tumour recurrence is reported to range from 11% at 5 years to 37% at 15 years. [15] [16] [17] Complete flattening may reduce the risk of viable tumour cells in the tumour residue or flat tumour scar. Figure 2 Kaplan-Meier survival estimates showing the proportion of patients free of radiation maculopathy during the study. 
